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Abstract 

We study the sensitivity of anomalous ZZ7 and Z77 vertex couplings h^' and hJ' Z , which would 
be powerful sign of new physics, via the subprocess 75 —> Zq of the main reaction pp — > p'yp — > ZqX 
at the LHC. We calculated limits on these couplings at 95% confidence level for various values of 
integrated luminosity. We show that our limits on the couplings h\ are one order better than the 
experimental limits obtained in events dominated by Z7 production from LHC and Tevatron. 
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I. INTRODUCTION 



The gauge boson self-interactions are determined by non-Abelian SU(2)l X U(l)y gauge 
group of electroweak sector in the Standard Model(SM). Precision measurements of these 
interactions will be important test of the structure of the SM. The tree-level couplings 
between the Z boson and the photon (ZZ7 and Z77) vanish in the SM. Any detected 
signals of these couplings from the SM expectations to within the experimental precision 
would provide crucial clues for new physics beyond the SM. These new physics effects are 
parameterized at higher energies via an effective Lagrangian which reduces to the SM at 
low-energies. 

The most general anomalous trilinear ZjZ vertex function assuming Lorentz and U(l) em 
gauge invariance besides Bose statistic has been given in [l, 2\: 
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where mz is the Z-boson mass. Formalism of this vertex are given in Figfj] where e is the 
charge of the proton, photon and the Z boson in the final state are on-shell while Z boson 
in the initial state is off-shell. The most general ^77 vertex function can be obtained from 
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FIG. 1: Feynman rule for ZZ'y vertex. 
Eq.(pQ) with the replacements: 

^i^4> hf^h], * = !,... ,4 (2) 
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An energy dependent form factors, preserved to partial wave unitarity at high energies, 
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TABLE I: Summary table of limits at the 95% C.L. on anomalous ZZ7 and Z77 couplings from 
Z7 events. 

Parameters ATLAS CMS DO CDF LEP 

hi (-0.028,0.027) (-0.07, 0.07) (-0.027, -0.027) (-0.022, 0.020) (-0.049,0.008) 

/if (-0.022,0.026) (-0.05, 0.06) (-0.026, 0.026) (-0.020, 0.021) (-0.20,0.07) 

hi (-0.00021,0.00021) (-0.0005, 0.0006) (-0.0014, 0.0014) (-0.0008,0.0008) (-0.002,0.034) 

/if (-0.00022,0.00021) (-0.0005, 0.0005) (-0.0013, 0.0013) (-0.0009,0.0009) (-0.05,0.12) 



are described: 
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(1 + s/A 2 ) 4 

h>3 4(^12) couplings are CP-conserving (CP- violating). All couplings vanish at tree-level 
in SM. The CP-violating couplings always cause to completely imaginary amplitudes that 
do not interfere with amplitudes of SM diagrams thus, we are interested in CP-conserving 
couplings. And also, we assume that new physics scale A is above the collision energy y/§ 
to neglect the energy dependence of the form factors. 

The 95 % C.L. intervals for anomalous ZZ'-f and^Zj'j couplings have been provided b} 
ATLAS 



3| for L int =im fb" 1 and A = 00 , CMS [4] for L int =m fb" 1 and A = 00, DO 



for L int =7.2 fb" 1 and A = 00, CDF for L int =5.1 fb" 1 and A = 1.5 TeV and LEP [7j as 
obtained from Z'j events which are given in Table [H 

8,9|,e + e" lolfl and 

17| colliders. In this work, we focus on limits of the anomalous and h\ couplings 
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via the subprocess 7g — > Zq of the main reaction pp — > p'yp — > ZqX at the LHC. Here, 
the quasireal photons emitted from one proton beam are described by equivalent photon 
approximation (EPA) 18|, [l9j and can interact with quarks comes from other proton beam. 
There are two distinctive experimental features at a process in 7-proton collision separates 
from the pure deep inelastic scattering process. First feature is emitted quasireal photons 
from the proton have a low virtuality and scattered with small angle from the beam pipe 
in the framework of EPA. Another feature is provided by forward detectors. Particles with 
large pseudo-rapidity can detected from forward detectors. If the intact proton emitting a 
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photon is scattered with a large pseudo-rapidity, it escapes from the central detectors. These 
protons leaving a characteristic sign in the forward detectors for 7-proton collision. These 
features increase interest on probing new physics via photon-induced process at the LHC in 



the literature 
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II. THE CROSS SECTIONS OF THE SUBPROCESS 7 g -> Zq 

The subprocess 7 g — > Zq of the main reaction pp — > pyp — > ZqX at the tree level receives 
contributions four Feynman diagrams shown in Fig. |5J The last two diagrams accounts for 
the anomalous Z77 and ZZy couplings, and others are the SM contributions. The total 
cross section for the subprocess 7 g — > Zq is obtained by integrating the cross sections 
over the photon and quark distributions, where q — u,u, d, d, bji, s, s, c, c. All calculations 
were performed by means of the computer package CalcHEP 28[, after implementation of 



the vertex functions ([1]). During calculations, we use parton distribution functions library 
CTEQ6L 29[ and the equivalent photon approximation (EPA) 18| which embedded in 
CalcHEP for photon spectra. In Figs. |3] and HJ we plot the total cross section of the 
subprocess 7 g — > Zq as a function of anomalous hj ,z and hj ,z couplings at the center of 
mass energy of 14 TeV. In these figures, only one of the anomalous coupling is kept different 
from zero. As you can seen from these figures, cross sections for couplings are larger 
compared with hj, while cross sections for hj couplings larger than for hf couplings. 





7VWW 





FIG. 2: Tree-level Feynman diagrams for the subprocess yq — )• Zq (q = u, u, d, d, b, b, s, s, c, c). 



III. LIMITS ON THE ANOMALOUS ZZ7 AND Z77 COUPLINGS 



One-dimensional and two-dimensional y 2 test was applied without a systematic error to 
obtain 95% confidence level (C.L.) on the upper limits of anomalous hj ,z and hj ,z couplings. 
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FIG. 3: The total cross sections depending on anomalous hj and couplings for the subprocess 
7<7 — > Zq with taking \fs= 14 TeV. 
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FIG. 4: The total cross sections depending on anomalous hj and hf couplings for the subprocess 
7<7 — > Zq with taking y / i= 14 TeV. 



The x 2 function is 



X 



<?sm — crjf-fi, fww) 



(5) 



where S = is the statistical error. The number of events are given byN = SxEx asM x 



L int x BR(Z — > 11) where S is the survival probability factor, E is the jet reconstruction 



efficiency, L int is the integrated luminosity and I = e or ji . When calcu 
events we assume 5* = 0.7 and E = 0.6 for our process same as in Ref. 



ating number of 



26l | . We applied 



TABLE II: One-dimensional limits on ZZ7 and Z77 coupling parameters at 95% C.L. for the 
subprocess 7(7 — > Zq with taking y/s= 14 TeV. 



L(fb- 1 ) hi hi hi hi 

30 (-0.015, 0.016) (-0.000090, 0.000087) (-0.018, 0.020) (-0.000048, 0.000047) 

50 (-0.013, 0.014) (-0.000078, 0.000077) (-0.016, 0.018) (-0.000042, 0.000042) 

100 (-0.011, 0.012) (-0.000066, 0.000064) (-0.013, 0.015) (-0.000035, 0.000035) 

200 (-0.009, 0.010) (-0.000056, 0.000054) (-0.011, 0.013) (-0.000030, 0.000029) 



cuts for transverse momentum of final state photon and quarks to be p^ 1 > 30 GeV and 
pseudo-rapidity of final state particles to be \t)\ < 2.5, because ATLAS and CMS have central 
detectors with a pseudo-rapidity coverage \r]\ < 2.5. With assuming these restrictions, we 
have calculated cjsm = 0.24 pb for — >■ Zq (q = u,u,d,d,b,b, s,s,c,c) at y/s= 14 TeV. 
In Table [TTTl we present 95 % C.L. sensitivity limits on hl' z and hj ,z for various integrated 
luminosity by varying one couplings at a time. If we compare these limits with experimental 
bounds given in Table IHIl we can see that the bounds on hl' z in the unitarity violation 
scheme obtained from ATLAS, DO and CDF are of the same order as our bounds, while the 
hj' z limits are 1 order weaker than our limits. In addition to this, we show two-dimensional 
95% C.L. limit contours for ZZj vertex couplings h z and hf in Figj5] and for Z77 vertex 
couplings hi and hj in Figj6]at y / i=14 TeV for various integrated luminosity. Due to the 
fact that the /if' 7 couplings come from dimension-eight operators, the bounds are more 
restricted than those of h Za which are dimension- six. 



IV. CONCLUSIONS 



We have examined the model independent parametrization of anomalous ZZ^y and Z77 
vertex couplings h\ and h\ within the effective operator approach via the subprocess 75 — > 
Zq of the main reaction pp — > p'jp — > ZqX at the LHC with a center of mass energy of 14 
TeV. We show that, our limits on the couplings h\ are one order better than the experimental 
limits obtained in events dominated by Z7 production from LHC and Tevatron are given in 
Tabl dllll On the other hand, the experimental limits on h\ couplings are of same order as 
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FIG. 5: Two-dimensional 95% limit contour for anomalous /if and hf couplings for the subprocess 
7g — > Zq with taking \fs= 14 TeV. 

our bounds. 
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